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high as that for all males. In many of the large Lancashire towns more than half the working population are engaged in textile manufacture, but although Liverpool and Manchester are the two largest industrial towns in the country, neither comes under the heading of "cotton" towns. Great changes have occurred in industrial conditions during the last fifty years, hours of labour have been reduced and working conditions have been improved. Hygienic and sanitary improvements are reflected in the deathrates. In Liverpool mortality from all causes has declined from 28-5 per 1000 in 1871-80 to 14-1 in 1921-5 and was 15-1 in 1929. During the period 1871-1925 mortality from tubercular diseases declined more than 50 per cent., diseases of the digestive system declined 66 per cent., while mortality from respiratory diseases was 5-7 in 1871-80, 3-5 in 1921-5 and 4-2 in 1929, a decline of 29 per cent, between 1871 and 1929.
In Manchester mortality from respiratory diseases was about the same as in Liverpool in 1871-80, 5-4 per 1000; in 1921-5 it was 3-0 and in 1929 3-2. The epidemic of influenza in the winter of 1929 would account for the rise in . respiratory mortality that year, but there is no doubt that diseases of the respiratory system show less decline than other diseases. Liverpool, being a seaport, probably employs a larger proportion of lower grade labour than the "cotton" towns. The majority of aliens in Lancashire are located in Liverpool and Manchester, forming 1-0 and 1-3 per cent, of their respective populations.
In 1921 the Irish immigrants amounted to 3-9 per cent, of the population in Liverpool and 2-3 per cent, in Manchester. In Oldham and Preston the Irish population only formed 1-1 and 1-3 per cent, respectively. If the percentage living more than two in a room is taken as a measure of poverty in the large towns of Lancashire, St Helens ranks highest on the list (21 per cent., Census 1921), Wigan comes next (15-3 per cent.), Liverpool third (12-1 per cent.) and Manchester ninth (7-9 per cent.). Liverpool is far more overcrowded than Manchester, but compared with St Helens its environmental conditions are vastly superior. Sir Leonard Hill has shown that the reform of the air and light supply is needed particularly to resist respiratory disease. "The air we breathe is polluted by microbes and dust in shut up dwellings, and the light of the sun is cut off by buildings, clothes, windows, dust and smoke. The economic loss due to smoke pollution is enormous." Hill estimates the total economic loss due to smoke pollution in Britain as probably not less than £100,000,000 a year, while "the loss of health produced by it is incalculable." In the annual report for 1927 the Chief Medical Officer noted that at Liverpool the total deposits averaged 50 tons per month. Manchester received 55 per cent, only of the daylight falling on Timperley. According to the report on Atmospheric Pollution for the year ending March 1930 the amount of solids deposited in Liverpool (Netherfield Road Station) was 1840 metric tons per hundred square kilometres. This was the highest amount recorded at any station during the year. Netherfield Road is situated in what is probably the smokiest part of Liverpool. At the Cambridge St. station, a less sordid part of Liverpool, the deposits were 1022 tons during the same year, while, as a contrast, only 450 tons were recorded at Southport.
The part played by smoke in the production of fog in large cities is only too well known. During the winter of 1929 thirty-seven days of fog were observed in Manchester. Professor Haldane, writing on the Meuse fog disaster, observes: " It appears that the disaster was caused by the ordinary products of combustion from the chimneys of factories and other industrial undertakings scattered about in the sparsely populated neighbourhood of the district near Liege where the disaster occurred and the possibility of a similar disaster happening in this country is a matter of great public interest. If a similar concentration of similar products of combustion were to occur in the air of any large town in this country, the deaths would be numbered not in tens but in thousands."
What portion of the excess mortality from respiratory causes may be allotted to atmospheric or climatological conditions? We cannot get a precise numerical evaluation of fog, and the amount of sunlight is only recorded for a limited number of places for recent years. The only measurements of climatic condition available for any length of time relate to temperature, rainfall and humidity. The seasonal curve of mortality from respiratory diseases has a close inverse relation to that of temperature. Excess mortality from respiratory diseases is frequently attributed to unfavourable weather conditions. The available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0022172400017836 variations of temperature in London were found to have a definite influence on mortality from pneumonia in persons of middle life and old age, that the lower the temperature the greater the mortality from pneumonia. Young found that meteorological conditions appeared to have little effect on the mortality of children under 5 years. In view of the high respiratory incidence and mortality in Liverpool a study of the part played by meteorological factors is of particular interest.
The data available for Liverpool were the weekly deaths from pneumonia, broncho-pneumonia, and bronchitis at ages under 1 year, 1-5 years, ages 40-60 and all ages over 60 for the period 1909-29 (omitting the years of the Influenza Pandemic 1918-19). The meteorological data consisted of mean temperature, rainfall, and mean temperature of evaporation (a measure of relative humidity). It was necessary to group the figures into periods of four weeks, as the weekly deaths were not sufficiently numerous for the purpose of correlation. The deaths* were corrected for changes in population during the period under review. The means and standard deviations for each period are given in Table III The combined mortality from pneumonia, bronchitis and bronchopneumonia were first correlated with (1) the mean temperature for the corresponding four weeks, (2) with a lag of one week in temperature, (3) with a lag of two weeks in temperature. The coefficients of correlation for (1) are given in Table IV . All the correlations at the younger ages with one exception are insignificant. There is no evidence that temperature of the same weeks has any effect on mortality among young children. In the two older age groups there is considerable variation in the correlation coefficients, but during the months when respiratory mortality is high, i.e. the first and last quarters of the year, the correlations are consistently negative.
As the sample dealt with is small the usual test of significance of the correlation coefficients does not apply. Fisher's table of values of the correlation coefficients for different levels of significance in small samples has been used throughout this study. What we require to know is the probability that a particular correlation should arise by random sampling from an uncorrelated population. If there were no correlation in the universe the odds would be about 50 to 1 against a sample of 18 yielding a correlation of 0-5 or more by chance. In a sample of 18 a correlation of 0-47 would be expected once in 20 trials, a correlation of 0-54 once in 50 trials and 0-59 once in 100 trials. Any correlation of 0-5 or more has been regarded as statistically significant in this analysis. In both adult age groups in Table IV there is a high and significant correlation between mortality and temperature in the first three periods, i.e. during the first twelve weeks of the year. In the oldest age group the correlation for the last period is also significant. Tables V and VI show does not appear to be any significant association in early childhood. In the adult age groups there is evidence of significant association for the first three periods and in the age group 60+ for the last two periods of the year. If one takes the mean of these correlations in Tables IV, V and VI the figures are rather higher for mortality with temperature of the previous week than for those of the same week or for a lag of two weeks. Is it possible from such knowledge to predict mortality? Table VII gives the equations connecting mortality with temperature of the previous week for the first four and last two periods of the year. These periods were taken because they showed the greatest association. The first equation tells us that for a drop in temperature of one degree in the week the average increase of mortality in the following week will be 2-74 deaths at ages 40-60. The expected deaths for each year were calculated from this equation and compared with those actually recorded. The mean error of prediction was 9-3, i.e. taking the mean of the differences between the actual and calculated figures without regard to sign. The percentage mean error between the theoretical and observed values was also calculated and in no period was the average estimate nearer than 72 per cent, of the truth.
In the age groups 60 and over the equation for the first period gave an average increase of mortality of 9-6 for a drop of one degree in temperature, and the mean error of prediction was 17-8, percentage mean error 12. In the third period of the year the estimate has an average error of 30-7. No closer estimates were obtained when mortality was predicted from a knowledge of the temperature two weeks in advance of death. In Period I the average change in mortality at ages 40-60 was 2-10 for a fall of one degree in temperature. At ages 60 and over it was 9-95. The percentage mean errors were 26 and 14 respectively. These attempts at prediction agree with those computed by Eussell on London data. He took deaths at ages 55 and over, and temperature of the previous week for certain weeks between October and March. Even when the amount of fog was included it was only possible to predict mortality within a marginal error of roughly 30 per cent. In the Liverpool data, even when the correlation coefficients are high, the predictions are within an average error of about 20 per cent., an error much too large for the method to be of any practical value. The correlations between rainfall and respiratory mortality have only been computed for rainfall of the previous week and for two weeks in advance of death. The results are given in Tables VIII and IX . From the eighth period onward the correlations are practically all negative in every age group, but only two fulfil our standard of significance. If there is any association with rainfall-and from the evidence here it appears to be very slight-the tendency seems to be an inverse one.
The next measurement of meteorological conditions analysed in relation to respiratory mortality was the mean daily temperature of evaporation. This figure is derived from the wet and dry bulb readings by the use of tables and gives the temperature at which the air would be saturated. Table X shows the results when corresponding four-weekly periods are taken. Mortality of infants and in early childhood does not seem to be influenced by this factor. In the older age groups there is a high negative association in the first three periods of the year in both age groups and for the last two periods in the oldest age group. The correlations for the first and last four periods are all negative. These results are closely analogous to those found for temperature. The same agreement was found when a lag of one or two weeks in evaporation was taken (Table XI) , though in most cases the correlations were slightly higher than those for temperature. It seemed an unnecessary amount of labour to compute the correlations for each period of the year. Only the first four and last three periods of the year were analysed. Temperature and evaporation appear to be important factors of adult mortality during the winter months of the year, particularly the first quarter of the year.
Temperature and evaporation are closely interrelated, the correlation between them is of the order of 0-9. The next stage of the analysis was to compute first order correlations to see how much either of these factors affected mortality when the influence of the other was eliminated. It will be seen from Table XII that the zero order correlations (Table III) are considerably reduced, and not one of the periods analysed retains any significant correlation. Table XIII gives the results for a lag of one week and Table XIV when a lag of two weeks was taken. With a lag of one week the residual correlations between mortality and temperature when evaporation is held constant show no definite association. When a lag of two weeks is taken there remains persistent high negative correlation in the first four periods of the year between mortality of old people and temperature after evaporation is neutralised. When we consider mortality and evaporation after eliminating the effect of temperature, the correlations for a lag of one week are with one exception negative, but only three come within the criterion of significance.
A lag of two weeks shows no definite results. Altogether these partial correlations cannot be said to throw much light on our problem. Anyone with experience of medical statistics will realise the limitations of the method of multiple correlations. A further attempt was made at prediction by the inclusion of evaporation as well as of temperature. The inclusion of a knowledge of evaporation is no improvement in the estimate of mortality. The forecasts based on temperature alone are practically the same as those based on the combined effect of the two factors (Table XV) . d=-7-53«-2-82e +568-83 2 d= -13-42*-3-08e + 830-91 3 d = -27-56* + 17-23e + 616-96 4 d=-7-58i+ 0-51e+441-19
Mean error Per cent, of prediction mean error 9-7 26 9-1 20 9-2 23 6-9 21
Mean error of prediction 17-5 24-9 27-8 18-6
Per cent, mean error 12 15 17 14
An attempt was made to measure the effect of fog on the respiratory mortality in Liverpool. It was shown by Russell on London data that fog itself had no appreciable effect on the respiratory death-rate, but if the prevalence of fog was associated with a low temperature and frost, the deathrate of adults was influenced very considerably. In a later paper he investigated the relative influence of fog and low temperature on respiratory mortality. He concluded that on the whole a low temperature exercised the greater influence. Data regarding days of fog in Liverpool were not directly available. The degree of visibility is recorded daily by the meteorological office, but this is not a satisfactory measure from our point of view as it includes occasions of bad visibility due to some specific cause such as rain or drizzle as well as actual fog. Dr Donovan kindly supplied information as to the number of days in each week in which the recorded figure of visibility was and temperature in Liverpool during 1924, the worst year of visibility of the present experience. There were fifty-five days when the visibility was below 3. Days of low visibility are plotted at the bottom of the table. During this year it will be seen that in the weeks of bad visibility there is usually a rise in mortality.
The results of this analysis of Liverpool data are in agreement with those of studies on London data. There does not appear to be any demonstrable association between respiratory mortality in young children and meteorological conditions. Variations in temperature and evaporation have considerable influence on adult mortality at certain periods of the year. Eainfall does not seem to be an important factor.
Prediction of mortality from a knowledge of temperature and evaporation are not close enough to be of any practical value. The average change in mortality for a fall in temperature below the normal of the season of the year can be shown, but the actual result may depart considerably from the average value.
In conclusion we have to thank our colleagues, Miss Rogers and Miss Brown, for making and checking the calculations.
